Neurologic diseases are important complications of measles. The role of virus infection of the central nervous system as well as the route of virus entry has been unclear. Five autopsied cases of individuals who died with severe acute measles 3-10 d after the onset of the rash were studied for evidence of viral involvement of the central nervous system. In all cases, in situ hybridization and RT-PCR in situ hybridization techniques showed endothelial cell infection. Immunoperoxidase staining with an anti-ferritin antibody revealed a reactive microgliosis. These data suggest that endothelial cells in the brain are frequently infected during acute fatal measles. This site of infection may provide a portal of entry for virus in individuals who subsequently develop subacute sclerosing panencephalitis or measles inclusion body encephalitis and a target for immunologic reactions in postmeasles encephalomyelitis. (J. Clin. Invest. 1995Invest. . 96:2478Invest. -2481
Introduction
Many viruses infect endothelial cells, and such infection is often an important component of the pathogenesis of those diseases (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) . Measles virus can infect endothelial cells in culture (10) and has been visualized in vascular endothelial cells of the thymus, liver and lymph nodes in cases of acute fatal measles ( 11) . Infection of the central nervous system (CNS )' during acute disease has not been described although measles virus has been associated with various CNS sequelae.
Measles virus causes predominantly two types of CNS complications. Subacute sclerosing panencephalitis (SSPE) is a rare complication which occurs many years after acute measles and is associated with viral infection of neuronal and glial cells.
While virus cannot readily be cultured from the affected tissues of these patients, viral antigens and nucleic acids are seen by immunohistochemistry and in situ hybridization, and paramyxovirus-like particles are demonstrable on electron microscopy ( 12, 13) . A somewhat similar progressive CNS disease, measles inclusion body encephalitis, occurs occasionally in immunosuppressed children ( 14, 15) . The time and route of virus entry into the CNS, for either of these diseases, is unknown. Postmeasles encephalomyelitis, the most frequent CNS complication of measles, is a demyelinating neurologic disease, thought to be autoimmune in nature, that occurs at the time of acute measles (11, (16) (17) (18) (19) .
Recently, we have developed more sensitive techniques for the localization of measles virus by in situ hybridization and RT-PCR in situ hybridization, and have examined the brains of individuals dying with acute measles. We have found vascular endothelial cells in the brain to be infected frequently during acute fatal disease. This infection may provide a route for virus entry and could facilitate the development of postmeasles encephalomyelitis.
Methods
Autopsy tissue. Autopsy material from five patients with acute fatal measles cases was prospectively acquired at Hospital del Nifno, Lima, Peru, between 1983 and 1985. These patients died of pneumonia between 3 and 10 d after the onset of the rash. The age range was 6 mo to 5 yr. 
Results
Endothelial cell staining by in situ hybridization and RT-PCR in situ hybridization in acutefatal measles. In situ hybridization using the antisense oligonucleotide probe (detects fusion protein mRNA) revealed endothelial cell infection in 5 of the 5 cases of acute fatal measles studied (Fig. 1 A) . Other CNS cells were not positive. Sense probes (Fig. 1 B) and nonsense probes in acute measles brains as well as antisense probes in normal, AIDS, and viral encephalitis brains, did not react with endothelial or other cells (data not shown).
To determine whether other brain parenchymal cells may be infected, but not detected by routine in situ hybridization, reverse transcriptase (RT)-PCR in situ hybridization was performed to increase the sensitivity of the assay. Endothelial cells were again positive in acute fatal measles without evidence of infection of other cells (Fig. 1 C) . Sensitivity was increased since the staining was somewhat darker and there was an increase in the numbers of endothelial cells staining positively as compared to the regular in situ hybridization technique. Nonsense probes were negative (Fig. 1 D) as were antisense probes of the three control brains stated above (data not shown). Additionally, immunohistochemical staining was performed for both measles virus antigen and the serum proteins albumin and haptoglobin to determine the integrity of the blood-brain barrier. In the cases of acute fatal measles, there was evidence of parenchymal uptake of albumin and/or haptoglobin; this was most dramatic in the areas where the endothelial cells stained most frequently for measles virus antigen (data not shown).
Reactive microgliosis. Immunocytochemical staining of brains from acute measles patients was performed for ferritin and glial fibrillary acidic protein (GFAP) as an indication of microglial or astrocytic reactivity respectively (20, 21) . The amount of GFAP staining was not different between measles and controls (data not shown). The amount of ferritin staining was increased in acute measles (Fig. 1 E) compared with a normal control brain (Fig. 1 F) , indicative of a reactive microgliosis.
Discussion
These studies have shown that in acute fatal measles, brain endothelial cells are frequently infected. Microgliosis, while nonspecific, is indicative of a CNS insult and is known to be present in various types of encephalopathies (22) (23) (24) . Leakage of the intravascular molecules haptoglobin and albumin is suggestive of an impaired blood-brain barrier. Since endothelial cell infection with measles virus in vitro has been shown to alter such endothelial cell functions as membrane permeability and cytokine expression, these observations may provide clues to the pathogenesis of some acute and postmeasles CNS complications (11, 25) .
These studies suggest that in cases of SSPE, initial virus entry into the CNS may occur at the time of acute infection. We would postulate that parenchymal cells adjacent to infected endothelial cells may occasionally become infected initiating a slowly progressive process that leads to SSPE. That this is unusual is underscored by our failure to detect other infected CNS cells in our cases of acute fatal measles. Some reports have indicated that endothelial cells may continue to be infected in the late stages of SSPE (26) .
In summary, measles virus infection of CNS endothelial cells is common in young children with acute fatal measles. Infection of these cells may contribute to the morbidity and mortality of measles by compromising the function of the bloodbrain barrier and by providing a route of entry for virus into the brain parenchyma.
